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DESCRIPTION 

OPTICAL RECORDING MEDIUM, SUBSTRATE 
FOR OPTICAL RECORDING MEDIUM 
5 AND OPTICAL DISK DEVICE 

TECHNICAL FIELD 

The present invention relates to an optical recording medium for 
recording and/or reproducing information by irradiation with a laser beam or 
10 the like, a substrate for the optical recording medium, and an optical disk 
device. 

BACKGROUND ART 

Among optical recording media that have come into focus as 

15 large-capacity and high-density memories is an erasable optical recording 
medium that allows rewriting of information. Currently, the development 
of the erasable optical recording medium has been underway. In one form of 
the erasable optical recording medium, information is recorded and erased 
utilizing thermal energy generated by irradiation with a laser beam. The 

20 recording medium includes a transparent substrate of a general disk shape 
and a recording layer provided on the substrate. The recording layer is 
formed of a thin film in which a phase change is caused between an 
amorphous state and a crystalline state. 

Phase change materials known to be used for the recording layer 

25 include an alloy film mainly containing elements such as Ge, Sb, Te, and In 
of, for example, a GeSbTe alloy. In many cases, information is recorded in 
such a manner that the recording layer is partially brought into an 
amorphous state to form a mark and erased in such a manner that the mark 
in the amorphous state is brought into a crystalline state. When heated to a 

30 temperature equal to or higher than the melting point and subsequently 
cooled at a speed higher than a fixed speed, the recording layer is brought 
into the amorphous state. When heated to a temperature equal to or higher 
than the crystallization temperature and equal to or lower than the melting 
point, the recording layer is brought into the crystalline state. 

35 Generally, on the substrate, guide grooves (grooves) in the form of a 

spiral or concentric circles for tracking a laser beam in recording and 
reproducing information and addresses for indicating a position on the 



1 



■a -x-v :r";i -;i g .r •„ ~".u 



recording medium, each composed of uneven strings of pits, are provided to 
form an initial state of the substrate. A region between the adjoining 
grooves is referred to as a land. In many cases, information is recorded on 
one of the groove and the land, and the other serves as a guard band for 
5 separating adjoining recording tracks from each other. 

In recent years, the improvement in processing capabilities of 
various kinds of information-processing equipment has allowed the 
processing of an increasing amount of information. Thus, a recording 
medium has been requested to allow larger-capacity information recording 

10 and reproducing. In order to attain this, DVD-RAM or the like has 

employed a method in which information is recorded on both of the groove 
and the land, so that a higher track density can be obtained. In this case, 
the groove and the land are set so as to be substantially equal in width. 
Recording media of this kind have employed a method in which address 

15 information is recorded in an intermediate position between a pair of 

adjoining groove and land tracks so that with respect to the pair of adjoining 
groove and land tracks, one address information is recorded. 

An address recorded in this manner in the intermediate position 
between the pair of adjoining groove and land tracks is referred to as "an 

20 intermediate address". Further, a method in which the intermediate 
address is used to record address information so that the address 
information is shared by a pair of adjoining tracks is referred to as "an 
intermediate address method". 

In JP10(1998)-31822 A, a method of demodulating address 

25 information in a recording medium employing the intermediate address 

method is disclosed. In the method, a sum signal or a difference signal of 
electric signals output from a photodetector provided in an optical head of an 
optical disk device is used to demodulate the address information. The 
photodetector includes light receiving parts divided into two parts in a 

30 direction parallel to tracks on the recording medium. 

In this connection, a signal quality assessment was conducted using 
reproduction signals obtained by reproducing an address on a recording 
medium formed in the following manner. As shown in FIG. 10, address pits 
9 were arranged in the form of staggered pit strings so that with respect to a 

35 distance (a track pitch) Tp between a center line of a groove track 7 and a 

center line of a land track 8, center lines of strings of the address pits 9 were 
shifted in a radial direction of the recording medium (namely, a direction 



perpendicular to the tracks) at a distance of about Tp/2 from the center lines 
of the groove tracks 7 and the center lines of the land tracks 8. In the 
recording medium, a pit width W of the address pits 9 was the same as the 
track pitch Tp (namely, the same as the width of the groove track 7 and the 
5 width of the land track 8). As a result, the reproduction signals obtained by 
reproducing the address differed in symmetry between the sum signal and 
the difference signal. For each of the sum signal and the difference signal, 
an optimum condition under which excellent signal quality could be obtained 
was found by adjusting the lengths of the address pits. However, no 

10 condition was found under which such signal quality could be obtained for 
both of the sum signal and the difference signal at the same time. 

That is, neither of the following cases allows sufficient signal quality 
to be obtained, which has led to a problem of a limited margin for 
reproduction conditions. In one case, a recording medium suited for address 

15 information demodulation using the sum signal is employed in an optical 
disk device in which address information demodulation is performed using 
the difference signal. In the other case, a recording medium suited for 
address information demodulation using the difference signal is employed in 
an optical disk device in which address information demodulation is 

20 performed using the sum signal. In other words, in each of the optical disk 
devices in which address information demodulation is performed using the 
sum signal and the difference signal, respectively, a permissible level of 
variations in address forming conditions of recording media is limited. 

25 DISCLOSURE OF THE INVENTION 

The present invention is intended to solve the conventional problem 
as described above. It is an object of the present invention to provide an 
optical recording medium that allows reliable address information 
reproduction using either a sum signal or a difference signal of electric 

30 signals output from a photodetector provided in an optical head of an optical 
disk device, thereby enhancing compatibility of the optical disk device being 
used and a substrate for the optical recording medium. It is another object 
of the present invention to provide an optical disk device that allows an 
increased reproduction margin in demodulating address information, 

35 thereby achieving high-accuracy address detection. 

In order to achieve the aforementioned objects, an optical recording 
medium (or a substrate for the optical recording medium) of the present 
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invention is an optical recording medium (or a substrate for the optical 
recording medium) employing the intermediate address method, in which an 
address pit width (namely, a length of an address pit in an intermediate 
position of a depth (or a height) of a concave or a convex of the address pit in 
5 a radial direction of the recording medium) W satisfies the relationship: 

W = k • Tp / a / NA) 

0.40 <k<0.68 

with respect to a laser wavelength X and a numerical aperture NA of an 
objective lens of an optical head of an optical disk device being used, and a 

10 track pitch Tp of the recording medium. According to this configuration, 
address information can be reproduced with reliability using either a sum 
signal or a difference signal of electric signals output from light receiving 
parts, divided into two parts in a direction parallel to tracks, of a 
photodetector provided in the optical head of the optical disk device, thereby 

15 enhancing compatibility of the optical disk device being used. 

Furthermore, an optical disk device of the present invention 
includes a first address demodulating circuit for demodulating address 
information using the sum signal and a second address demodulating circuit 
for demodulating address information using the difference signal, and thus 

20 an address can be detected with high accuracy based on information 
obtained from the first and second address demodulating circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view schematically showing the configuration of an 
25 optical recording medium of an embodiment according to the present 
invention. 

FIG. 2 is a fragmentary enlarged plan view of the optical recording 
medium of the embodiment according to the present invention. 

FIG. 3 is a block diagram showing a first configuration of a 
30 conventional optical disk device for an optical recording medium. 

FIG. 4 is a structural view showing an optical head of the 
conventional optical disk device for the optical recording medium. 

FIG. 5 is a block diagram showing a second configuration of the 
conventional optical disk device for the optical recording medium. 
35 FIG. 6 shows waveforms of address reproduction signals. 

FIG. 7 is a graph showing the relationship between a pit width of an 
address and asymmetry of reproduction signals obtained by reproducing the 
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address. 

FIG. 8 shows the relationship between an address pit and a beam 

spot. 

FIG. 9 is a block diagram showing the configuration of an optical 
5 disk device for the optical recording medium according to the present 
invention. 

FIG. 10 is a fragmentary expanded plan view of the conventional 
optical recording medium. 

10 BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the optical recording medium and the optical disk 
device of the present invention will be described with reference to the 
appended drawings. 
First Embodiment 

15 A first embodiment relates to an optical recording medium and a 

substrate used in manufacturing the optical recording medium. 

The inventors of the present invention conducted a test using 
recording media having the structure employing the intermediate address 
method described with reference to FIG. 10 that were manufactured by 

20 varying the pit width W of the address pits 9. In the test, the recording 
media were reproduced for the measurement of the quality of a sum signal 
and a difference signal of electric signals that were output from a 
photodetector provided in an optical head of an optical disk device in an 
address area on the respective recording media. The test has shown that an 

25 address reproduction signal having excellent signal quality can be obtained 
in both of the cases of the sum signal and the difference signal by setting the 
pit width W of the address pits so as to fall within a fixed range. This will 
be explained in the following. 

FIG. 1 is a plan view schematically showing the configuration of the 

30 optical recording medium of the present invention, and FIG. 2 is a 

fragmentary enlarged plan view showing the structure of an address area on 
the optical recording medium of the present invention. In FIG. 1, an optical 
recording medium 1 includes a substrate 5 made of polycarbonate that has a 
thickness of 0.6 mm, a recording layer 6 provided on the substrate 5, of a 

35 multi layered thin film formed by laminating a ZnS Si02 thin film as a 

dielectric, a GeSbTe alloy thin film as a phase change material, a ZnS-Si02 
thin film, and an Al alloy thin film in this order, and a protective layer (not 
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shown) provided on the recording layer 6, formed of an ultraviolet hardening 
resin. The GeSbTe alloy thin film is brought into a crystalline state by 
irradiation with a laser beam to form an initial state of the film. The 
recording layer 6 has a reflectance of about 20% with respect to a light beam 
5 having a wavelength of 650 nm. The substrate 5 includes a center hole 2 for 
fitting the optical recording medium to an optical disk device, tracks 3 in the 
form of a spiral, and addresses 4 for indicating a position on the optical 
recording medium. In FIG. 1, the tracks 3 and the addresses 4 are shown 
exemplarily in the form of exaggerated portions of the tracks 3 and the 

10 addresses 4, respectively. 

In FIG. 2, the tracks 3 are composed of groove tracks 7 having a 
depth of about 65 nm and a width of about 0.62 um and land tracks 8 having 
a width of about 0.62 um that are provided alternately. Information is 
recorded on both of the groove tracks 7 and the land tracks 8. The address 4 

15 is encoded by a (8-16) modulation method and composed of uneven strings of 
pits (address pits) 9 and spaces. The address pits 9 have a length L varied 
between 3T and 11T by 0.5T with respect to a reference clock T. The 
address pits 9 having a depth of about 65 nm are arranged in the form of 
staggered pit strings so that center lines of strings of the address pits 9 are 

20 shifted in a radial direction of the recording medium (namely, a direction 
perpendicular to the tracks 3) at a distance of about 0.31 um, which is 
one half a track pitch Tp (namely, the width of the groove tracks 7 and the 
width of the land tracks 8) from center lines of the groove tracks 7 and center 
lines of the land tracks 8. In the test conducted this time, substrates were 

25 prepared by varying the width W of the address pits 9 between 0.23 um and 
0.40 um and used. These substrates were molded by an injection molding 
method using a stamper made of Ni. 

FIGs. 3 and 5 are block diagrams exemplarily showing optical disk 
devices used in the test. FIG. 3 shows the optical disk device in which 

30 address information is demodulated using a sum signal 15S of electric 

signals output from a photo detector. In FIG. 3, the recording medium 1 
shown in FIG. 1 is mounted to the optical disk device. FIG. 4 shows the 
structure of an optical head 14 of the optical disk device. 

In FIG. 4, a light beam emitted from a semiconductor laser as a light 

35 source 23 is focused on the recording medium 1 through a collimator lens 24, 
a beam splitter 25, a 1/4 wave plate 26, and an objective lens 27. A focal 
point of the light beam is controlled so as to be on the recording layer 6 in the 
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recording medium 1 by adjusting the position of the objective lens 27 using a 
voice coil 28. The light beam reflected from the recording layer 6 goes back 
to the beam splitter 25 through the objective lens 27 and the 1/4 wave plate 
26. Then, the light beam is reflected from the beam splitter 25 and is 
5 incident on a photodetector 20 to be converted to an electric signal. The 
photodetector 20 includes light receiving parts 21 and 22 divided into two 
parts in a direction parallel to the tracks on the recording medium 1. The 
semiconductor laser 23 has a laser wavelength of 650 nm and the objective 
lens 27 has a numerical aperture of 0.60. 

10 The optical disk device shown in FIG. 3 includes a spindle motor 10 

for rotating the recording medium 1 mounted thereto, a controller 11 for 
receiving and transmitting data 11S to be recorded or reproduced or the like, 
a modulator 12 for converting data to be recorded to a recording signal, a 
laser driving circuit 13 for driving the semiconductor laser according to the 

15 recording signal, and the optical head 14 having the semiconductor laser for 
focusing a laser beam on the recording medium 1 to record information and 
obtaining a reproduction signal using the reflected laser beam. The optical 
disk device further includes a summing amplifier 15 for outputting the sum 
signal 15S of electric signals output from the light receiving parts 21 and 22 

20 of the photodetector 20 provided in the optical head 14, a differential 

amplifier 16 for outputting a difference signal 16S of electric signals output 
from the light receiving parts 21 and 22, an address demodulating circuit 17 
for demodulating address information using the sum signal 15S, a data 
demodulating circuit 18 for demodulating data recorded on the tracks using 

25 the sum signal 15S, and a tracking controlling circuit 19 for controlling the 
optical head 14 so that a laser beam scans a track on the recording medium 1 
properly based on the difference signal 16S. 

FIG. 5 shows the optical disk device in which address information is 
demodulated using a difference signal 16S of electric signals output from a 

30 photodetector 20. The optical disk device has substantially the same 

configuration as that of the optical disk device described with reference to 
FIG. 3 and is different only in the method of demodulating address 
information. As shown in FIG. 5, in an address demodulating circuit 29, 
address information is demodulated using the difference signal 16S output 

35 from a differential amplifier 16. Other than this point, the optical disk 

device is of the same configuration as that of the optical disk device shown in 
FIG. 3, and thus the duplicate descriptions are omitted by referring to FIG. 5 
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in which like reference characters denote the corresponding components 
shown in FIG. 3. 

The optical disk devices and the recording medium described above 
with reference to FIGs. 3 and 5, in which the recording medium is irradiated 
5 with a laser beam having an intensity of 1 mW while being rotated at a 
linear velocity of 8.2 m/second, were used to measure signal quality of a 
signal output from the summing amplifier 15 in an address area on the 
recording medium (namely, a sum signal of electric signals output from the 
photodetector 20 provided in the optical head 14) and a signal output from 
10 the differential amplifier 16 in the address area on the optical recording 
medium (namely, a difference signal of electric signals output from the 
photodetector 20 provided in the optical head 14). 

FIGs. 6(A) and 6(B) are waveform charts exemplarily showing 
absolute voltage values of the sum signal and the difference signal output in 
15 reproducing the address area. The signal quality was measured by 

calculating an asymmetry XI and an asymmetry X2 defined as follows. 

As for the sum signal, where as shown in FIG. 6(A), the maximum 
amplitude is indicated as Umax, a voltage difference between a value that is 
highest in a portion of the waveform having the maximum amplitude and a 
20 value that is highest in a portion of the waveform having the minimum 
amplitude (the minimum amplitude is indicated as Ilmin) as 116, and a 
voltage difference between a value that is lowest in the portion of the 
waveform having the minimum amplitude and a value that is lowest in the 
portion of the waveform having the maximum amplitude as I la, the 
25 asymmetry XI is defined by the following expression: 
XI = (Il6-Ila)/2Ilmax. 

As for the difference signal, where as shown in FIG. 6(B), the 
maximum amplitude is indicated as I2max, a voltage difference between a 
value that is highest in a portion of the waveform having the maximum 

30 amplitude and a value that is highest in a portion of the waveform having 
the minimum amplitude (the minimum amplitude is indicated as I2min) as 
I2a, and a voltage difference between a value that is lowest in the portion of 
the waveform having the minimum amplitude and a value that is lowest in 
the portion of the waveform having the maximum amplitude as 126, the 

35 asymmetry X2 is defined by the following expression: 
X2 = (126 - I2a) / 2I2max. 

The closer an asymmetry value of a signal comes to zero, the more 
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improved signal quality the signal has. Generally, it is preferable that the 
value falls within the range of ± 0.1. 

The measurement results are shown in FIG. 7. FIG. 7 shows 
asymmetry of the sum signal and asymmetry of the difference signal with 
5 respect to each address pit width. From these results, it is shown that the 
asymmetry of the difference signal (denoted by open circles in FIG. 7) has 
lower values than those of the asymmetry of the sum signal (denoted by solid 
circles in FIG. 7). It is also shown that the smaller an address pit width is, 
the smaller the difference in asymmetry values between these signals. 

10 Conceivably, this phenomenon is attributable to the following. 

FIGs. 8(A) and 8(B) show the relationship between an address pit 
and a beam spot of a laser beam in address reproduction. In FIG. 8(A), a 
beam spot 30 is on an address pit 9a having a length of 11T. In FIG. 8(B), 
the beam spot 30 is on an address pit 9b having a length of 3T. In FIGs. 

15 8(A) and 8(B), a transverse direction indicates a peripheral direction of a 

recording medium, and the beam spot 30 scans in a direction indicated by an 
arrow. 

In the case where the address pit is long as shown in FIG. 8(A), the 
address pit does not have edge portions in the peripheral direction that he 

20 within the beam spot 30, so that the reflected laser beam is diffracted only in 
a direction perpendicular to the peripheral direction (namely, a radial 
direction of the recording medium) as in the case where the laser beam is 
reflected from a track area. 

On the contrary, in the case where the address pit is short as shown 

25 in FIG. 8(B), the address pit has the edge portions in the peripheral direction 
that he within the beam spot 30, so that the reflected laser beam is diffracted 
in the peripheral direction as well as the direction perpendicular to the 
peripheral direction. A portion of the reflected laser beam that is diffracted 
in the peripheral direction is incident on both of the light receiving parts 21 

30 and 22 described with reference to FIG. 4. This produces the effect of 
decreasing the output of the differential amplifier 16. As a result, the 
asymmetry of the difference signal has lower values than those of the 
asymmetry of the sum signal. 

It is presumed that the smaller an address pit width is, the smaller 

35 the difference in asymmetry values between the sum signal and the 

difference signal because a decrease in pit width lowers the intensity of the 
reflected laser beam that is diffracted in the edge portions in the peripheral 
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direction. 

A large difference in asymmetry values between the sum signal and 
the difference signal leads to the difficulty in obtaining excellent signal 
quality for both of the sum signal and the difference signal. For example, 
5 when variations in asymmetry values caused by errors in pit length or the 
like are assumed to fall within the range of ± 0.05, which is half as wide as 
the range of permissible asymmetry values described above, the difference in 
asymmetry values between the sum signal and the difference signal is 
required to be not more than 0. 1 to secure the range. Of the recording 
10 media varied in pit width used in the test, the recording media having a pit 
width of not more than 0.39 um have proven to satisfy this condition. In a 
recording medium having a pit width of less than 0.23 um, a sufficient signal 
intensity of a reproduction signal cannot be obtained. Therefore, preferably, 
a pit width falls within the range of 0.23 um to 0.39 pi. 
15 It is conceivable that even if a pit width does not fall within the 

range employed in the above test, the aforementioned condition can be 
satisfied when a pit and a laser beam are optically similar in shape to those 
employed in the test. Thus, the address pit width W that was determined 
as a preferable width in the test falls within the range satisfying the 
20 following relationship - 

W = k • Tp / (A / NA) 

0.40 < k < 0.68 

with respect to a track pitch Tp and (A / NA) representing a spot diameter of 
a laser beam. 

25 Furthermore, although an asymmetry value may vary depending on 

variations in address pit length, the asymmetry of the difference signal 
always has a lower value than that of the asymmetry of the sum signal. 
Therefore, by forming an address pit into a shape that allows an asymmetry 
value of the sum signal to fall within the range of 0 to 0.05, an address 

30 reproduction signal having further improved signal quality can be obtained 
in both of the cases of the sum signal and the difference signal. 

In the aforementioned embodiment, a GeSbTe alloy of a phase 
change material was used as the recording layer. However, the recording 
layer may be formed of a material other than a GeSbTe alloy such as a 

35 magneto-optical recording material and an organic dye. Further, the 

recording medium that can be used is not limited to an erasable recording 
medium that allows rewriting of information. A recordable recording 
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medium on which information can be recorded only once also may be used. 
Furthermore, the substrate may be formed of a material other than 
polycarbonate such as glass and acrylic. Moreover, the address pits may be 
arranged in a row instead of in the form of staggered pit strings. In 
5 addition, in the aforementioned embodiment, the tracks 3 were in the form of 
a spiral. However, the tracks 3 may take the form of concentric circles. 
Second Embodiment 

A second embodiment relates to an optical disk device employing the 
optical recording medium described above. 

10 FIG. 9 is a block diagram showing the configuration of an optical 

disk device of an embodiment according to the present invention. The 
optical disk device has substantially the same configuration as those 
described with reference to FIGs. 3 and 5 and is different only in the method 
of demodulating address information. As shown in FIG. 9, a first address 

15 demodulating circuit 17 demodulates address information using a sum 
signal 15S output from a summing amplifier 15, and a second address 
demodulating circuit 29 demodulates address information using a difference 
signal 16S output from a differential amplifier 16. 

These two address demodulating circuits 17 and 29 are provided in 

20 the device, so that even when the recording medium 1 has variations in 

address forming conditions, an address can be detected with high accuracy 
using at least one of the address demodulating circuits. Furthermore, in 
the case where the optical recording medium of the present invention 
described in the first embodiment is used as the recording medium 1, 

25 address information can be demodulated in both of the address 

demodulating circuits 17 and 29, and thus the accuracy of address detection 
further can be increased. 

The duplicate descriptions are omitted by referring to FIG. 9 in 
which like reference characters denote the corresponding components shown 

30 in FIGs. 3 and 5. 

The embodiments disclosed in this application are intended to 
illustrate the technical aspects of the invention and not to limit the invention 
thereto. The invention may be embodied in other forms without departing 
from the spirit and the scope of the invention as indicated by the appended 

35 claims and is to be broadly construed. 
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CLAIMS 

1. An optical recording medium for recording, reproducing, or erasing 
information by irradiation with a laser beam, comprising a disk-shaped 

5 transparent substrate and a recording layer formed on the substrate, 
wherein information tracks and addresses are provided on the 
substrate, the information tracks including groove tracks and land tracks 
that are arranged alternately in the form of a spiral or concentric circles, 
each of the addresses indicating a position on the recording medium and 
10 being composed of uneven strings of pits, 

the strings of the pits are arranged so that center lines of the strings 
of the pits are shifted in a radial direction of the recording medium at a 
distance of about one-half of a track pitch from center lines of the groove 
tracks and center lines of the land tracks, and 
15 a pit width W of the pits satisfies the relationship: 

W = k • Tp / a / NA) 
0.40 < k < 0.68 

with respect to a laser wavelength A and a numerical aperture NA of an 
objective lens of an optical head of an optical disk device being used, and a 
20 track pitch Tp of the recording medium. 

2. The optical recording medium according to claim 1, 

wherein an optical head of an optical disk device being used has a 
laser wavelength of about 650 nm and a numerical aperture of an objective 
lens of about 0.6, 

25 the recording medium has a track pitch of about 0.62 pm, and 

the pits have a pit width W that falls within the range of 0.23 pm to 

0.39 pm. 

3. A substrate for an optical recording medium for recording, 
reproducing, or erasing information by irradiation with a laser beam, 

30 wherein information tracks and addresses are provided on one face 

of the substrate, the information tracks including groove tracks and land 
tracks that are arranged alternately in the form of a spiral or concentric 
circles, each of the addresses indicating a position on the recording medium 
and being composed of uneven strings of pits,, 

35 the strings of the pits are arranged so that center lines of the strings 

of the pits are shifted in a radial direction of the recording medium at a 
distance of about one-half of a track pitch from center lines of the groove 
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tracks and center lines of the land tracks, and 

a pit width W of the pits satisfies the relationship: 
W = k ■ Tp / (\ I NA) 
0.40 < k < 0.68 

5 with respect to a laser wavelength A and a numerical aperture NA of an 
objective lens of an optical head of an optical disk device employing an 
optical recording medium manufactured using the substrate, and a track 
pitch Tp of the substrate. 

4. The substrate for the optical recording medium according to claim 3, 
10 wherein an optical head of an optical disk device employing an 

optical recording medium manufactured using the substrate has a laser 
wavelength of about 650 nm and a numerical aperture of an objective lens of 
about 0.6, 

the substrate has a track pitch of about 0.62 um, and 
15 the pits have a pit width W that falls within the range of 0.23 pm to 

0.39 pm. 

5. An optical disk device in which information is recorded, reproduced, 
or erased by irradiating an optical recording medium with a laser beam, 
comprising, 

20 an optical head for focusing a laser beam on the recording medium 

to obtain a reproduction signal using the laser beam reflected from the 
recording medium, 

a photodetector provided in the optical head having light receiving 
parts divided into two parts in a direction parallel to tracks on the recording 

25 medium, 

a summing amplifier for generating a sum signal of electric signals 
output from the two light receiving parts, 

a differential amplifier for generating a difference signal of electric 
signals output from the two light receiving parts, 
30 a first address demodulating circuit for demodulating address 

information using the sum signal, and 

a second address demodulating circuit for demodulating address 
information using the difference signal. 

6. The optical disk device according to claim 5, 

35 wherein the optical recording medium includes a disk-shaped 

transparent substrate and a recording layer formed on the substrate, 

information tracks and addresses are provided on the substrate, the 
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information tracks including groove tracks and land tracks that are 
arranged alternately in the form of a spiral or concentric circles, each of the 
addresses indicating a position on the recording medium and being composed 
of uneven strings of pits, 

the strings of the pits are arranged so that center lines of the strings 
of the pits are shifted in a radial direction of the recording medium at a 
distance of about one-half of a track pitch from center lines of the groove 
tracks and center lines of the land tracks, and 

a pit width W of the pits satisfies the relationship - 

W = k Tp / (A / NA) 

0.40 < k < 0.68 

with respect to a laser wavelength A and a numerical aperture NA of an 
objective lens of the optical head, and a track pitch Tp of the recording 
medium. 
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I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT international application(s) listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior application and the national 
or PCT international filing date of this application. 
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information matenal to patentability. Each individual associated with the filing and piosecution of a patent application has a duty of candor 
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claim that is canceled or withdrawn from consideration need not be submitted if the information is not matenal to the patentability of any 
claim remaining under consideiation in the application There is no duty to submit information which is not material to the patentability of 
any existing claim. The duty to disclose all information known to be matenal to patentability is deemed to be satisfied if all information 
known to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner 
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(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
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(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 
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(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the 
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(e) In any continuation-in-part application, the duty under this section includes the duty to disclose to the Office all 
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the filing date of the prior application and the national or PCT international filing date of the continuation-in-part application. 
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573-0084 /Japan 


Signature of Inventor 201: I 


Date ' jU«*^^-^2 3 , ^-f"^ 


2 
0 
2 


Full Name 

Of Inventor- — . 


Family Name 
NlSHKJCHj^ 


First Given Name 
Kenichi 


Second Given Name 


Residence 
& Citizenship 


City 


State or Foreign Country 
Japan ' X y 


Country of Citizenship 


Mailing 


Address 

6-22, Shoudaihirano-cho, Hirakata-shi 


City ^ 
Osaka 


State & Zip Code/Country 
573-1 135 /Japan 


Signature of Inventor 202: 


Date: 


2 
0 
3 


Full Name 


Family Name 
FURUKAWA 


First Given Name 
Shigeaki 


Second Given Name 


& Citizenship 


Osaka 


State or Foreign Country 


Country of Citizenship 


Address 


Room 202, Hashida-Haitsu, 18-6, Kitajima-cho, Kadoma 


r -ot*~ — 


State & Zip Code/Country 
571-0026 /Japan 




Date: 


2 
0 


Full Name 
Of Inventor-* 


Family Name 

M1YAKE 


First Given Name 
Tomoyoshi 


Second Given Name 


Residence 
& Citizenship 


City 


State or Foreign Country 

Japan \ , 


Country of Citizenship 


Address 


Address 

239, Minami-5, Tsutsujigaoka, Naban-shi 


City ^ 
Mie 


State & Zip Code/Country 
518-0425 /Japan 


Signature of Inventor 204: . 

/a ^&^<JU ^tl^&Jui 


Date: 



2 
0 

5 


Full Name 
Oflnventop^ 

5^ 


Family Name ' 

TSUKUDA 


First Given Name 
Masahiko 


Second (liven Name 


Residence 

& Citizenship 


City 

Osaka 


State or Foreign Country 

r — 


Country of Citizenship 


Mailing 
Address 


Address 

Room 228, Shonanryo, 1-16-22, Kikusuidori, Monguchi 
shi 




State & Zip Code/Country 

570-0032 / Japan 


js.gnaturto 05 /fa^aj!c<lf& JiocJ!u<?6t. 
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